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[57] ABSTRACT 

Disclosed is a system for queuing elements, such as print 
jobs. A processing unit receives an element that is associated 
with a first factor and a second factor, such as data type and 
a priority within the data type, that indicates a priority of the 
element. For each first factor and second factor pair, an entry 
point addresses a point in the queue associated with the first 
factor and second factor. The processing unit locates an 
entry point addressing a point in the queue associated with 
a first factor and second factor that matches the first factor 
and second factor associated with the received element. The 
processing unit then inserts the received element in the 
queue at the entry point. 

33 Claims, 4 Drawing Sheets 
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MULTIPLE INSERTION POINT QUEUE TO processor (RIP) translates PDL files to a raster image or RIP 

ORDER AND SELECT ELEMENTS TO BE version of the file. In the desktop publishing environment, it 

PROCESSED can take several hours to transform a large PDL print file to 

its RIP version. 

CROSS-REFERENCE TO RELATED s Xhe IBM MX ® pRINT SERVICES FACILITY0/6000 

APPLICA1 IONS (PSF/6000) software system transforms PostScript files into 

This application is related to the following co-pending an Advanced Function Presentation data stream (AFP data 

and commonly-assigned patent applications, all of which are stream) for printing on printers attached to a machine 

filed on the same date herewith, and all of which are implementing the PSF/6000 software. AIX is a registered 

incorporated herein by reference in their entirety: 10 trademark of IBM and PRINT SERVICES FACILITY is a 

"Load Balancing For Processing A Queue Of Print Jobs," trademark of IBM. The PSF/6000 software uses the PS2AF? 

Scott D. Mastie, Hongliang Tong, Ming Xie, Christopher B. transform command to transform PostScript and other file 

Hirsch, attorney docket no. BO9-98-005; formats int0 an ^ data stream file wlthoul submitting it 

„ „ . . A „ , , , . vr , „ . . immediately to the printer. The PS2AFP command runs as a 

"Selecting Printing Attribute Values in ia Network Printing a5 dae which ^ a that mns unattended in the 

System, by Scott D^astie and Arthur R. Roberts, attorney background of the operating system< Daemon processes 

docket no. 1309-98-006; and generally provide services that must be available at all times. 

"Rule Based Selection Criteria For Controlling Print Job A daemon runs continuously, looking for work to do, per- 

Distribution," by Scott D. Mastie and Ming Xie, attorney forming that work, and waiting for more work, 

docket no. BO9-98-008. 20 |n prior ^ systems ^ inc i uding those that implement the 

BACKGROUND OF THE INVENTION IS0 DPA 10175 > P0SIX 1387 4 and PSIS printing 

standards, such as the IBM Printer Resource Manager 

1. Field of the Invention products, print jobs are received and queued at a single point 
The present invention relates to a method and system for before being routed to a virtual printer or printer that can 

queuing elements and, in particular, for queuing print jobs to 25 handle the print job. Such a single point queue is sometimes 

be processed and printed. referred to as a "spooler,*' Spoolers are servers that accept 

2, Description of the Related Art requests from many clients, validate job and document 
Network printing systems generally comprise an assem- attributes with those of the intended print destination, pro- 

blage of different printers, client computers, servers, and 30 vide queuing and scheduling, and then route jobs/documents 

other components connected over a network. A print job is t0 the appropriate printer. Scheduling jobs in the spooler is 

assembled at a client computer and transmitted over the often based on FIFO, job size, or job identification. Queues 

network to a server linked to a variety of printers. The are also used to queue jobs from one or more logical printers 

printers may have different printing capabilities. Thus, for a for distribution to physical primers. Current queues often 

given submitted print job, some printers in the network may 35 select print jobs of lower priority over print jobs of higher 

not be able to process the print job. To route print jobs priority to print. Thus, there is a need in the art for an 

through a network printing system, International Business improved method and system for selecting print jobs. 

Machines Corporation (IBM) provides Printing Systems SUMMARY OF THE PREFERRED 

Manager (PSM) products that provide centralized and dis- EMBODIMENTS 

tributed management of a network printing system. The IBM 40 

PSM systems manage the flow of print jobs and insure that To overcome the limitations in the prior art described 

a print job is routed to a printer that can handle the job. above, preferred embodiments disclose a system for queuing 

A print job is comprised of one or more electronically- elements. A processing unit receives an element that is 

stored files and the print attributes therefor. The print associated with a first factor and a second factor, and 

attributes inform the printer how to process the files. To 45 possibly additional factors, that indicates a priority of the 

assemble print jobs, prior art systems include software element. For each first factor and second factor pair, an entry 

installed on the client computer that displays a graphical point addresses a point in the queue associated with the first 

user interface (GUI). Using a mouse, keyboard, etc., the user factor and second factor. The processing unit locates an 

selects from a menu of options displayed in the GUI the entry point addressing a point in the queue associated with 

components and print attributes for a print job. The client 50 a first factor and second factor that matches the first factor 

computer, under control of the installed software, would and second factor associated with the received element. The 

then create an electronically-stored job ticket based on the processing unit then inserts the received element in the 

information entered by the user. queue at the entry point. 

Job tickets typically only define the print attributes for a In further embodiments, an exit point addresses an ele- 

single file. However, a document may be comprised of 55 ment in the queue according to the priority of the elements 

multiple files, each having one or more print attributes. A file in the queue. The processing unit processes a request for an 

submitted to the printer often includes printer instructions in element from the queue and accesses the element addressed 

a page description language (PDL) such as POST- by the exit point to return to the request. 

SCRIPT™. POSTSCRIPT is a trademark of Adobe In yet further embodiments the elements in the queue may 

Systems, Incorporated. The PostScript language is used by 60 be comprised of print jobs and the queue may be used to 

many printers and applications to provide the complex fonts, queue print jobs in a printing system. The queue may be used 

graphics, and image handling capabilities required by to select and distribute elements to transform processes to 

today's applications. The PostScript language must be inter- transform the element to an output data stream capable of 

preted by a transform process in the printer or elsewhere in being read by a printer. Alternatively, the elements may be 

the network to produce a printed image file that is ready to 65 printer ready output data streams and the queue may be used 

be printed. Print image files are in a bitmapped image to select an output data stream that is transferred to a logical 

format, also known as a raster image. A raster image printer queue. Still further, the queue may be a logical printer 
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queue that spools output data streams to a physical printer PostScript file, then the printer daemon (PD) would trans- 
associated with the logical printer. form the PostScript file to a RIP image file. The IBM 

Current queues and spoolers that rely on FIFO or other PS2AFP daemon program performs such a transformation, 

queueing ordering can allow high priority tasks to remain n * printer daemons (PD) executing in multiple printer 

queued while lower priority tasks arc processed first. Further 5 controllers 8a b, c may be capable of simultaneously 

delays in processing high priority tasks result if the lower tramming X W* of input data streams, e.g 

priority print job Tasks selected off the queue first are ditto* PCL™, TeX, etc. PCL * a trademark of 

considerably large. Thus, current spooling and queuing the Hewlett-Packard Company '.The prmter daemons in the 

techniques do not insure that queued jobs are ordered controllers 8a, b, c then transfer the processed data fi e to 

according to priority rankings. 10 one of several printers 12a, be, d through a backend 

+ * , . , ^ program that selects the printer. The punters \2a, b, c, d may 

Preferred embodiments provide a method and system for be mtef machifle kfl0wn h ^ guch ^ {hQ 

queuing print jobs according to at least two priority factors IBM INFOPRINT™ series of printers. INFOPRINT is a 

and inserting elements in the queue at one of many entry trademark of IBM 

points. In this way, the queue may order elements according A 4 . ' t ' . , A , , iL 

\ i i / ( + \ / * •* u i * 15 A network system 14 links the clients 4a, b, c to the printer 

to at least two levels (factors) of priority wherein elements * i ♦ j • in *u \ 

, . « * • r ; *u * • u- u • •* manager 6 and storage device 10, the printer manager 6 to 

having the same first priority factor that is higher priority 4 . ? 4 t n ° 0 , , r . t 4 f. 0 

iL l . . / 4 * 4l _ , , i.j the printer controllers 8a, o, c, and the printer controllers 8a, 

than the first priority factors of other elements are selected , r . . n . ^ ' ! ' , ^/.^.^^^ 1A ij 

r . r , /„ nu . r , * i_ • lL o. c, to the printers 12a, £?, c, a. lhe network 14 may be 

from the queue first. Within a group of elements having the , , F U1 \ , . , 

£ 4 .. . t r * i F • • * *t comprised of any suitable network architecture known in the 

same first priority factor, elements having a second priority r , T . ' T . „ 7A KT „ t . Kr , . 

^ i • i?L.*L_ • *t_ lL j ■ ■* r * 20 art, such as LAN, Ethernet, WAN, Syste m Ar ea Network 

factorthat^oftagherpontythanthesecondpnontyfactor Token LocalTalk, TCpfeffiiito5g xte. 

of other elements having the same first priority factor are \u i *i_ i_ ~ ,-r,- — — — r* 

. . , c £ * rr- £ ^ c j Alternatively, there may be separate ana ainerent networks 

selected from the queue first. The queues of the preferred , . *l Y ♦ >• l. j *u • * * j 

. , . n , , . . . . t j between the chents 4a, b, c, and the printer manager 6, and 

embodiments insure that elements, such as print jobs, data, t , . t n « . . • * n , L j 

, it . r .„ , ........ r ! i I the pnnter controllers 8a. o, c and the printers 12a. b, c, a. 

and other tasks, of a specified priority indicated by at least * c j uj- * *u * f *.* * i 

. . - ' r . *^ 25 In preferred embodiments, the network printing system 2 

two priority factors are processed first. , , , , # /T^r-o\ u ■ u n 

r j * employs a distnbuted file system (DFS), which allows 

BRIEF DESCRIPTION OF THE DRAWINGS storage and retrieval of data throughout the network printing 

system 2. 

Referring now to the drawings in which like reference The printer manager 6 may be a separate stand alone 

numbers represent corresponding parts throughout: 30 server including an operating system such as AIX®, 

FIG. 1 is a block diagram illustrating a software- and OS/390™, UNIX®, OS/2®, MVS™, WINDOWS®, etc. 

hardware environment in which preferred embodiments of AIX and OS/2 are registered trademarks of IBM and OS/390 

the present invention are implemented; and MVS are trademarks of IBM; WINDOWS is a regis- 

FIG. 2 illustrates a data structure for a queue and related tered trademark of Microsoft Corporation; UNIX is a reg- 

table in accordance with preferred embodiments of the 35 ^rcd trademark licensed by the X/Open Company LTD. 

present invention' ^ e cu " ents 4a, b, c may be any computer system known in 

FIGS. 3a, b are flowcharts for inserting and selecting the art iacl ^ s0 , ftware l ° "bmitprint jobs to the printer 

. 4 r *l ■ 1 -.1. r j manager 6. The storage device 10 may be any suitable 

elements from the queue in accordance with preferred , , . , , , 

i_ . r *t_ j nonvolatile storage device, such as a direct access storage 

embodiments of the present invention; and , . /r . ACt ^\ * * J. i-u /a^t\ u 1 u* 

r 40 device (DASD), automated tape library (Al L), holographic 

FIGS. 4a, b, c illustrate alternative arrangements for a unitS) etc ^ capab i e 0 f storing print files. The clients 4a, b, c 
queue that queues pnnt jobs from one or more logical may build print j 0 b s that include print files, such as Post- 
printers being sent to one or more physical printers. Script fileSj maintained in the storage device 10. The printer 

controllers 8a, b, c may be printer controllers capable of 
45 executing multiple instances of printer daemons, such as the 
IBM Multiple Printer Controllers (MPC) software that runs 

In the following description, reference is made to the on lhe IBM RS/6000® server under the AIX operating 

accompanying drawings which form a part, hereof and which system. RS/6000 is a registered trademark of IBM, The 

illustrate several embodiments of the present invention. It is MPC software dedicates a portion of the server processor 

understood that other embodiments may be utilized and 50 cycles to each instance of a printer daemon that transforms 

structural and operational changes may be made without data to a print image, A RIP is often considered as the 

departing from the scope of the present invention. transform process of a PostScript file to a bit map file. The 

term RIP is used herein interchangeably with transform 

Hardware and Software Environment process and printer daemon (PD) to refer to any type of 

FIG. 1 illustrates a preferred hardware and software 55 transform process regardless of the format of the file being 

environment in which preferred embodiments of the present transformed to a printer readable format, i.e., bitmap file, 

invention are implemented. A network printing system 2 is The terms RIP, RIPper, RIPped, and RIPping all refer to a 

comprised of a plurality of client computers 4a, b, c con- particular stage or instance of a RIP transform process. As 

nccted to a printer manager 6, which routes print jobs used herein the term "print job" refers to a print job that 

received from the clients 4a, b, c to one of a plurality of 60 needs to be RIPped or otherwise transformed. The concur- 

printer controllers 8a, b } c. The clients 4a, b, c and the printer rent execution of multiple print daemons is embodied in 

manager 6 may access a storage device 10 which may store current IBM MPC and IBM PSF/6000 software products, 

various printer related files. The printer controllers 8a, b, c described in IBM publications "PSF/6000: Print 

are each capable of executing multiple instances of printer Submission " document no. S544-3878-01 (Copyright IBM 

daemons PD1, PD2, PD3. Each printer daemon (PD) can 65 Corp. 1993, 1994); "PSF/6000: Print Administration," docu- 

transfonn an input data file to a format that may be pro- ment no. S54438 17-01 (Copyright IBM Corp. 1993, 1994); 

cessed by the printer. For instance, if the print job was a "IBM Print OnDemand User Guide," document no. G544- 
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5325-00, (Copyright IBM Corp. 1996), all of which IBM Similarly, the Type B/low entry in the table 20 includes 

publications are incorporated herein by reference in their pointers addressing the first and last tracks entered into the 

entirety. The printer manager 6 and printer controllers Ha, b, queue of Type B and low priority. The exit entry in the table 

c would include further logic to implement the preferred 20 addresses the entry in the queue 22 that will be processed 

embodiments of the present invention. 5 next in the queue. Thus, the queue has multiple entry points 

Each of the devices in the network 2 has a unique IP addressed by the different first and last pointers and a single 

address. Moreover, each printer daemon (PD) in the printer exit * 

controllers Ha, b, c may be associated with a port address. In certain embodiments, an element may be inserted into 
The combination of the IP address of the printer controller the queue and ordered in the queue behind the element at an 
8a, b, c and the port address therein provides a unique 10 entry point addressed by the "last" pointer. As discussed, a 
address for the printer daemon (PD). The printer manager 6 queued element may be a pointer or reference to a file or the 
may use this unique printer daemon (PD) address to route a actual file itself. In such case, the entry point is the "last" 
print job to a specific instance of one of many printer pointer. The "last" pointer is selected from the table 20 entry 
daemons executing in the printer controllers Ha, b, c. having the same type and priority of the element to be 
Thus, the preferred embodiments may be implemented as 15 inserted. The pointers labeled "first" address a first entry in 
a method, apparatus or article of manufacture using standard the queue 22 of a particular type and priority. The "first" 
programming and/or engineering techniques to produce pointers may be used to select an entry from the queue 22 of 
software, firmware, hardware, or any combination thereof. a particular type and priority. When the "first" pointer 
The term "article of manufacture" (or alternatively, "com- addresses the first element of a type and priority added to a 
puter program product") as used herein is intended to 20 queue and the "last" pointer addresses the last element of a 
encompass one or more computer programs and data files type and priority added, then the queue 22 employs a 
accessible from one or more computer-readable devices, first-in-first-out (FIFO) structure within a particular type and 
carriers, or media, such as a magnetic storage media, "floppy priority. In alternative embodiments, the exit pointer may be 
disk," CD-ROM, a file server providing access to the determined from the "last" pointer, providing a last-in-first- 
programs via a network transmission line, holographic unit, 25 out ordering of the queue 22. Still further, the entry point for 
etc. Of course, those skilled in the art will recognize many a type and priority may be the "first" pointer at the entry in 
modifications may be made to this configuration without the table 20 or some element between the first and last 
departing from the scope of the present invention. elements of a particular type and priority added to the queue 

22. 

The Print Queue 30 FIGS. 3^ b illustrate preferred logic to enter and remove 

Preferred embodiments concern a print queue that queues elements from the queue. With respect to FIG. 3a, control 

pointers to a file to be processed, such as print jobs, tasks, bc g ms at block 30 which represents a processor managing 

data or any other program element, which must be queued the <l ueuc 22 receiving an element (e.g., pointer to a file or 

before proceeding to another process. In this way, network 35 file ) 10 insert in the q ueue 22 ' ^ processor may be any 

traffic is reduced because the actual files do not have to be processing unit, including the printer manager 6, the printer 

transferred to and from the queue because a pointer to the controllers Ha, b, c or a processing unit in the printers 12a, 

file in the network is the queued element. In further h > °> d < Contro1 transfers to block 32 which represents the 

embodiments, the preferred queues may queue the actual processor scanning the table 20 to locate the entry for the 

data, e.g., print file, file or task, that will be processed. Thus, 40 element l VP e and P riorit y matching the type and priority of 

the print queue of the preferred embodiments may queue any tne received element. Control then transfers to block 34 

element relating to a file, whether that element is a pointer wnich represents the processor inserting the received ele- 

to the related file, a token or transaction ID for the related ment in the q ueue data structure in an order behind the 

file, or the actual task or file itself. element addressed by the "last" pointer. Control transfers to 

- .„ . t c j t j • . . ui m j " block 36 which represents the processor adjusting the "last" 

FIG. 2 illustrates a preferred embodiment table 20 and 45 . _ . , r 4 , A r , . . J 4 °, . 

11 m. mi . * j * ui <»n ■ 1 j * ~ . j pointer for the located type and priority to address the 

queue 22. The illustrated table 20 includes two enumerated *\ . < . . Xn. 1 

n . . t 4 A , , • •* 1 t element lust inserted in the queue. The processor may also 

priority types, a type value and a priority value. In the J . „ , , ^ 4 / . ,. .\ . 

1 e 1-1/^ ifu *u * a n o a modify the queue 22 data structure to indicate that the 

exemplar of FIG. 2 there are three types, Type A, B, C and . . j 1 « * n t i_ 1 , . . 

r .... c . . r 1 « inserted element follows the previous element addressed by 

two possible priorities for an element of a particular type, • . ^ . 1 . r , t_i 1 <*o . j . L 

T. . 1 r- * . ■ « ■ l. . 11 the last pointer. Control transfers to block 38 to end the 

i.e., nigh or low. ror instance, a print job type may include 50 r 

overdue bills, monthly invoices, and batch overnight. A program. 

particular print job of a certain type may also be categorized with the logic of FIG. 3a, elements of a particular type 

as having a high or low priority. The user would specify the and priority are ordered on a FIFO basis because a new 

type and priority when creating the print job. element is inserted in the data structure in an order in the 

Each entry in the table 20 provides a pointer to an entry 55 ^ ueue be J? nd the " ! f l " ^ ement of the Particular type and 

in the queue 22. When an element is received, the priority P™"* ™ e f eu f dala 22 structure ma V further include a 

and type of the received element is determined. Hie table 20 P° inter Wlth the el f ment entr j e f, P omtin g to l _ tn t T e 1 l! meDt ° 

could be scanned to locate an entry matching the type and same l yP e and P" 0 " 1 * lowing in the FIFO queue 

priority for the received element. The pointers at each entry ordering. 

in the table 20 address the first and last entry for elements in 60 F IG - illustrates logic to retrieve or pull an element 

the queue 22 of a particular type and priority. All elements from the queue 22. 

of a particular type and priority between the first and last Control begins at block 40 which represents the processor 

entry may be ordered in the queue on a first-in- first-out processing a request for a file, task, etc. in the queue 22. 

(FIFO) basis. For instance, the Type A/High entry in the Control transfers to block 42 which represents the processor 

table 20 has two pointers, a "first" pointer addressing the 65 processing the table 20 to locate the exit entry in the table 20 

first element of Type A and high priority and a last pointer and the corresponding exit pointer. Control transfers to 

addressing the last element of Type A and high priority. block 44 which represents the processor retrieving the 
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element addressed by the exit pointer. Control then transfers ciated with a single queue that spools the RIPped print jobs 

to block 46 where the processor locates the highest ordered to one of the physical printers associated with the logical 

"first" pointer addressing a valid entry according to the table printer. After a print job is RIPped, a logical printer having 

20 hierarchy. In preferred embodiments, the tabic 20 may print attributes matching the print attributes for the RIPped 

reflect the queue 22 hierarchy according to the type and 5 J 0D is selected. The RiPped print job is then routed to the 

priority values. In such case, the processor may access the <l ueue associated with the logical printer. The RIPped job is 

element located at block 46 by considering "first" pointer 1 ueued until a physical printer related to the logical printer 

entries in the table in the type/priority order of the entries. becomes available. In other words, a logical printer provides 

If the "first" pointer for a table 20 entry does not address a a grouping and queue for a set of physical printers having 

valid element, then the processor would proceed to the table 10 common, compatible printer attributes. In preferred 

20 entry for the type/priority that is the next type in the embodiments, each printer controller 8a, b, c maintains one 

queue 22 hierarchy, e.g., from Type A to B. As discussed, the or more lo g lcal P nnter <l ueues associated with printers 12a, 

table hierarchy may arrange entries first according to type, b > c > d attached to the printer controller Ha, b, c in which the 

e.g., Type A, B, C, then within a type according to priority, lo S lcal P nnter <l ueue 1S maintained, 
e g high low 15 Each printer controller 8a, b, c may include the preferred 

' Control transfers to block 48 which represents the pro- «"b«iini«tt queU e 22 to queue RIPped print jobs before a 

cessor determining whether the located "first" pointer and logical printer b selected to handle the P™» job. The pnnter 

corresponding "last" pointer address the same entry. If so, contr ° ller Sa ' b >' WoM fl^ue print jobs RIPped by the 

control transfers to block 50, which represents the state P nn ! d«emon» <PD) m a queue 22 within the controller Sa, 
where there are no elements of a particular class in the 20 c including the print daemon (PD) used to RIP the job. The 

queue. If the "first" and "last" pointers address different pnnter controller Sa, b, c would access the exit entry in the 

entries, then control transfers to block 52 which represents <) ueue 22 and determine if there was an enabled logical 

the processor adjusting the "exit" pointer to address the P nn 'f r '° handle ,he q^ued print job. If there was no 

entry addressed by the located "first" pointer. Control then ™ M '* lo <? c * 1 P ru, , er «"P*Me ^ the queued print job 

transfers to block 54 which represents the processor adjust- » theD tta printer controller 8a, b, c would leave the RIPped 

ing the "first" pointer to point to the next element in the P" nt J ob queue The printer controller Sa, b, c would 

. t , • Q t__ ff , „,:*u:„ „ then scan the queue 22 according to the hierarchical HbO 

queue according to the queue ordering elements within a , . - , ., & , . ^ . 1.1 

particular type and priority. As discussed, the queue entries °' denn S «> <j»«» «o locate the firs available 

may include a pointer to the next entry having the same type RIPped print job for which there is an available logical 

and priority that was added after the pointing entry. From 30 pnnter. An available logical printer has a physical printer 

block 54, control ends at block 56. ,hat « mailable. The pnnter controller Sa b e would then 

„ f f . t , route the print job to the logical pnnter which would spool 

With the logic of FIGS. 3a, b queued entries are ordered , he R ,^ ed m , job t0 aQ >vlil>We physkal primer assQ . 

according to two enumerated types, such as type and dated with , he j jcal rimer Criteria for x i ectiBg an 

priority, which determines how elements are added and ^ appropriate physical printer from the physical printers asso- 

removed from the queue. ciated whh the selected logica i primer are described in 

Using the Queue in a Network Printing System [ elated f at « m plication "Rule Based Selection Cri- 

& tena For Controlling Print Job Distribution, attorney docket 

The queue of FIG. 2 may be used to queue print jobs. For no. BO9-98-008, which application was incorporated herein 

instance, the queue 20 may have three enumerated types of 40 by reference above. 

jobs, e.g., overdue bills, monthly invoices, and batch pro- Leaving the RIPped print job in the preferred embodiment 

cessing. A priority may also be determined among the queue if there are no available logical printers avoids the 

different types of print jobs. For instance, overdue bills may situation of routing the RIPped print job to a queue associ- 

have higher priority than monthly invoices and batch ate d with a disabled logical printer and then having to 

processing, and monthly invoices may have higher priority 45 reroute the print job to another logical printer queue in 

than batch processing. A second enumerated type indicates another printer controller Sa, b, c. With the preferred 

a priority value for print jobs of the same data type. The user embodiments, network traffic is reduced because RIPped 

may indicate the print job type and the priority, e.g., high or pr j nt jobs are only routed to logical printers having an 

low, when creating the print job. available physical printer thereby avoiding the situation 

The queue 22 may be employed at different locations in 50 where the print job must be rerouted to another logical 

the network printing system 2. The queue, 22 can be imple- printer queue maintained in another printer controller Sa, b, 

mented in the printer manager 2 to select print jobs to RIP c should the initially selected logical printer be unable to 

as described in related IBM patent application "Load Bal- handle the job. 

ancing For Processing A Queue Of Print Jobs," attorney The preferred embodiment queue 22 can also be used as 

docket no. BO9-98-005, which application was incorporated 55 the logical printer queue to route print jobs to a physical 

herein by reference in its entirety above. In such case, the printer associated with the logical printer. FIGS. 4a, b } c 

printer manager 6 would place received jobs in the queue 22 illustrate different configurations of logical printers, logical 

according to the type and priority of the job. When a RIPper printer queues, and physical printers. In each of the embodi- 

becomes available, the printer manager 6 would select a menls of FIGS. 4a, b, c, the queue(s) may be the preferred 

print job from the exit of the queue 22 to RIP. 60 embodiment queue 22. In FIG. 4a, the queue 22 queues 

Alternatively, the preferred queue structure may be RIPped print jobs from a single logical printer to one of 

employed within a printer controller Sa, b, c to queue many physical printers. In FIG. 4b, a single queue 22 queues 

RIPped print jobs before the RIPped print job is transferred RIPped print jobs from multiple logical printers which are 

to a logical printer queue. A logical printer groups physical then submitted to a single physical printer in a funnel 

printers that share a common set of print attributes and can 65 configuration. FIG. 4c illustrates an hourglass configuration 

print print jobs having such common set of print attributes of a many to many relationship of logical printers to queues 

in a consistent manner. Typically logical printers are asso- to physical printers. 
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This concludes the description of the preferred embodi- 
ments of the invention. The following describes some alter- 
native embodiments for accomplishing the present inven- 
tion. 

The preferred queue was described as having three ele- 
ment types and two priorities. In alternative embodiments, 
there may be more types and priority values. 

In such case, additional entries in the table 20 would be 
needed. Moreover, the elements in the queue may be any 
type of data, task or program element. 

The queue of the preferred embodiment is described as 
queuing print jobs according to type of print job and priority 
and according to a FIFO ordering. In alternative embodi- 
ments any ordering scheme could be used to order elements 
in the queue. The preferred embodiment queue was 
described for use to route print jobs to print daemons for 
RIPping, to rout RIPped jobs to an available logical printer, 
and/or to queue and route RIPped print jobs for a logical 
printer to an associated physical printer. However, those 
skilled in the art will appreciate that the queue of the present 
invention may be used to queue any type of data or computer 
task and is not limited to printing tasks. 

The printer manager 6 and printer controllers 8a, b, c are 
described as implemented in separate server machines net- 
worked together. In alternative embodiments, functions per- 
formed by the printer manager 6 may be implemented within 
one or more printer controllers 8a, b, c. Moreover, each 
printer controller 8a, b, c, may be capable of implementing 
more or less print daemons than the three print daemons 
illustrated in the preferred embodiment. In yet further 
embodiments, the printer manager and printer controllers 8a, 
b, c may be implemented as software programs within a 
single server. 

The logic of FIGS. 3a, b is for illustrative purposes. 
Additional or alternative steps may be performed in addition 
to those illustrated in the logic. Further, the order of the steps 
in the preferred logic may also vary. 40 

In summary, preferred embodiments in accordance with 
the present invention provide a system for queuing elements. 
A processing unit receives an element that is associated with 
a first factor and a second factor that indicates a priority of 45 
the element. For each first factor and second factor pair, an 
entry point addresses a point in the queue associated with the 
first factor and second factor. The processing unit locates an 
entry point addressing a point in the queue associated with 
a first factor and second factor that matches the first factor 
and second factor associated with the received element. The 
processing unit then inserts the received element in the 
queue at the entry point. 

The foregoing description of the preferred embodiments 
of the invention has been presented for the purposes of 
illustration and description. It is not intended to be exhaus- 
tive or to limit the invention to the precise form disclosed. 
Many modifications and variations are possible in light of 
the above teaching. It is intended that the scope of the 
invention be limited not by this detailed description, but 
rather by the claims ■ appended hereto. The above 
specification, examples and data provide a complete descrip- 
tion of the manufacture and use of the composition of the 
invention. Since many embodiments of the invention can be 
made without departing from the spirit and scope of the 
invention, the invention resides in the claims hereinafter 
appended. 
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What is claimed is: 

1. A method for queuing elements, comprising: 
receiving an element related to a file associated with a first 

factor and a second factor that indicates a priority of the 
element, wherein the element is a member of a set of 
elements consisting of a pointer to a file, a token 
reference to a file and a file; 

providing entry points to a queue of elements, wherein for 
each first factor and second factor pair, an entry point 
addresses a point in the queue associated with the first 
factor and second factor; 

locating an entry point addressing a point in the queue 
associate with a first factor and second factor that 
matches the first factor and second factor associated 
with the received element; and 

inserting the received element in the queue at the entry 
point. 

2. The method of claim 1, wherein the received elements 
are associated with additional factors, wherein for each 
additional factor, an entry point addresses a point in the 
queue. 

3. The method of claim 1, further comprising the steps of: 
providing an exit point that addresses an element in the 

queue according to the priority of the elements in the 
queue; 

processing a request for an element from the queue; and 
accessing the element addressed by the exit point to return 
to the request. 

4. The method of claim 1, wherein the first factor com- 
prises a data type and the second factor comprises a priority 
within the data type, and wherein a priority ordering indi- 
cates the priority among the data types. 

5. The method of claim 4, wherein the exit point addresses 
an element having a highest priority data type of the ele- 
ments in the queue and having a highest priority factor of the 
elements in the queue of the same data type, further com- 
prising the steps of: 

determining an element in the queue by performing the 
steps of: 

(i) determining whether there is an element in the queue 
having the same data type as the accessed element; 

(ii) determining an element in the queue having a data 
type that is lower priority than the data type of the 
accessed element after determining that there is no 
element in the queue having the same data type as the 
accessed object; 

(iii) determining whether there is an element in the 
queue having the same priority factor as the accessed 
element after determining that there is an element in 
the queue having the same data type as the accessed 
element; 

(iv) determining an element in the queue having the 
same data type and priority factor as the accessed 
element after determining that there is an element in 
the queue having the data type of the accessed 
element; and 

(v) determining an element in the queue having the 
same data type and lower priority factor than the 
accessed element after determining that there is no 
element in the queue having the same data type and 
priority factor as the accessed element; and 

modifying the exit point to address the determined ele- 
ment. 

6. The method of claim 1, wherein the step of providing 
entry points further comprises providing a table including an 
entry for each first factor and second factor pair, wherein 
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there is at least a one-to-one correspondence between entries 
in the table and entry points in the queue for each first and 
second factor pair, and wherein the step of locating the entry 
point comprises locating the entry in the table corresponding 
to the first and second factor pair and determining the pointer 
for the located table entry addressing the entry point in the 
queue. 

7. The method of claim 6, wherein the step of inserting the 
received element in the queue comprises: 

determining the table entry point for the first and second 
factor pair associated with the received data; 

inserting the received element at the point in the queue 
addressed by the pointer for the determined table entry 
point; and 

modifying the pointer for the determined table entry point 
to address the inserted element. 

8. The method of claim 1, wherein the elements in the 
queue comprise pointers to print files, wherein the print job 
to which the element points has not been transformed into an 
output data stream capable of being read by a printer, further 
comprising the steps of: 

determining whether a transform process is available; 

accessing an element in the queue after determining the 
availability of a transform process; 

processing the element to locate the print file to which the 
element points; 

transmitting the located print file to the available trans- 
form process to transform the print file into an output 
data stream; and 

transmitting the output data stream to a printer for print- 
ing. 

9. The method of claim 1, wherein the elements in the 
queue comprise pointers to output data streams that are the 
result of a transform process on a print file, further com- 
prising the steps of: 

accessing an element in the queue according to the 
priority indicated by the first and second factors; 

determining a logical printer having a set of print 
attributes compatible with print attributes of the 
accessed element, wherein the logical printer groups 
physical printers having a common set of print 
attributes; 

determining whether a physical printer grouped by the 

logical printer is available; 
processing the element to locate the output data stream to 

which the element points; and 
transferring the located output data stream to a logical 

printer queue after determining that a physical printer 

grouped by the logical printer is available. 

10. The method of claim 1, wherein the elements com- 
prise pointers to output data streams that are the result of a 
transform process on a print file, wherein the queue is a 
logical printer queue, and wherein a logical printer groups 
physical printers having a common set of print attributes, 
further comprising the steps of: 

determining whether a physical printer grouped by the 

logical printer is available; 
accessing an element in the logical printer queue after 

determining the availability of a physical printer; 
processing the element to locate the output data stream to 

which the element points; and 
transferring the output data stream to the physical printer 

for printing. 

11. A system for processing elements, comprising: 
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a processing unit; 

a memory device for access by the processing unit includ- 
ing data structures accessible to the processing unit, the 
data structures comprising: 

(i) a queue of elements, wherein each element is 
associated with a first factor and a second factor that 
indicates a priority of the element, and wherein the 
element is a member of a set of elements consisting 
of a pointer to a file, a token reference to a file and 
a file; 

(ii) entry points to elements in the queue, wherein for 
each first factor and second factor pair, an entry point 
addresses a point in the queue associated with the 
first factor and second factor; 

program logic executed by the processing unit, including: 

(i) means for receiving an element; 

(ii) means for locating an entry point addressing a point 
in the queue associated with a first factor and second 
factor that matches the first factor and second factor 
associated with the received element; and 

(iii) means for inserting the received element in the 
queue at the entry point, 

12. The system of claim 11, wherein the received elements 
are associated with additional factors, wherein for each 
additional factor, an entry point addresses a point in the 
queue. 

13. The system of claim 11, wherein the data structrues in 
the memory device further comprise an exit point that 
addresses an element in the queue according to the priority 
of the elements in the queue, and wherein the program logic 
further includes: 

means for processing a request for a element from the 
queue; and 

means for accessing the element addressed by the exit 
point to return to the request. 

14. The system of claim 11, wherein the first factor 
comprises a data type and the second factor comprises a 
priority within the data type, and wherein a priority ordering 
indicates the priority among the data types. 

15. The system of claim 14, wherein the exit point 
addresses an element having a highest priority data type of 
the elements in the queue and having a highest priority factor 
of the elements in the queue of the same data type, wherein 
the program logic determines an element in the queue by: 

(i) determining whether there is an element in the queue 
having the same data type as the accessed element; 

(ii) determining an element in the queue having a data 
type that is lower priority than the data type of the 
accessed element after determining that there is no 
element in the queue having the same data type as the 
accessed object; 

(iii) determining whether there is an element in the queue 
having the same priority factor as the accessed element 
after determining that there is an element in the queue 
having the same data type as the accessed element; 

(iv) determining an element in the queue having the same 
data type and priority factor as the accessed element 
after determining that there is an element in the queue 
having the data type of the accessed element; 

(v) determining an element in the queue having the same 
data type and lower priority factor than the accessed 
element after determining that there is no element in the 
queue having the same data type and priority factor as 
the accessed element; and 

wherein the program logic further includes means for 
modifying the exit point to address the determined 
element. 
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16. The system of claim 11, wherein the data structures in 
the memory device further include a table including an entry 
for each first factor and second factor pair, wherein there is 
at least a one-to-one correspondence between entries in the 
table and entry points in the queue for each first and second 
factor pair, wherein the program logic locates the entry point 
by locating the entry in the table corresponding to the first 
and second factor pair and determining the pointer for the 
located table entry addressing the entry point in the queue. 

17. The system of claim 16, wherein the program logic 
inserts the received element by: 

determining the table entry point for the first and second 
factor pair associated with the received element; 

inserting the received element at the point in the queue 
addressed by the pointer for the determined table entry 
point; and 

modifying the pointer for the determined table entry point 
to address the inserted element. 

18. The system of claim 11, further including a printer, 
wherein the elements comprise pointers to print files that 
have not been transformed into output data streams capable 
of being read by a printer, wherein the program logic further 
includes: 

means for determining whether a transform process is 
available; 

means for accessing an element in the queue after deter- 
mining the availability of a transform process; 

means for processing the accessed element to locate a 
print file to which the element points; 

means for transmitting the located print file to the avail- 
able transform process to transform the print file into an 
output data stream; and 

transmitting the output data stream to the printer for 
printing. 

19. The system of claim 11, wherein the elements in the 
queue comprise pointers to output data streams that are the 
result of a transform process on a print file, and wherein the 
data structures include logical printer data structures group- 
ing physical printers having a common set of print attributes, 40 
wherein the program logic further includes: 

means for accessing an element in the queue according to 
the priority indicated by the first and second factors; 

means for determining a logical printer having a set of ^ 
print attributes compatible with print attributes of the 
accessed element; 

means for processing the element to locate the output data 
stream to which the element points; 

means for determining whether a physical printer grouped 50 
by the logical printer is available; and 

means for transferring the located output data stream to a 
physical printer grouped by the logical printer after 
determining that a physical printer grouped by the 
logical printer is available. 55 

20. The system of claim 11, wherein the elements com- 
prise pointers to output data streams that are the result of a 
transform process on a print file, wherein the queue is a 
logical printer queue, and wherein the data structures include 

a logical printer data structure grouping physical printers 60 
having a common set of print attributes, wherien the pro- 
gram logic further includes: 

means for determining whether a physical printer grouped 

by the logical printer data structure is available; 
means for accessing an element in the logical printer 65 
queue after determining the availability of a physical 
printer; 
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processing the accessed element to locate the output data 
stream to which the element points; and 

means for transferring the located output data stream to 
the physical printer for printing. 

21. An article of manufacture for use in processing a 
queue of elements, the article of manufacture comprising 
computer readable storage media including at least one 
computer program embedded therein that causes a process- 
ing unit to perform the steps of: 

receiving an element associated with a first factor and a 
second factor that indicates a priority of the element, 
wherein the element is a member of the set of elements 
consisting of a pointer to a file, a token reference to a 
file and a file; 

providing entry points to a queue of elements, wherein for 
each first factor and second factor pair, an entry point 
addresses a point in the queue associated with the first 
factor and second factor; 

locating an entry point addressing a point in the queue 
associated with a first factor and second factor that 
matches the first factor and second factor associated 
with the received element; and 

inserting the received element in the queue at the entry 
point. 

22. The article of manufacture of claim 21, wherein the 
received elements are associated with additional factors, 
wherein for each additional factor, an entry point addresses 
a point in the queue. 

23. The article of manufacture of claim 21, further com- 
prising the steps of: 

providing an exit point that addresses an element in the 
queue according to the priority of the elements in the 
queue; 

processing a request for an element from the queue; and 
accessing the element addressed by the exit point to return 
to the request. 

24. The article of manufacture of claim 21, wherein the 
first factor comprises a data type and the second factor 
comprises a priority within the data type, and wherein a 
priority ordering indicates the priority among the data types. 

25. The article of manufacture of claim 21, wherein the 
exit point addresses an element having a highest priority 
data type of the elements in the queue and having a highest 
priority factor of the elements in the queue of the same data 
type, further comprising the steps of: 

determining an element in the queue by performing the 
steps of: 

(i) determining whether there is an element in the queue 
having the same data type as the accessed element; 

(ii) determining an element in the queue having a data 
type that is lower priority than the data type of the 
accessed element after determining that there is no 
element in the queue having the same data type as the 
accessed object; 

(iii) determining whether there is an element in the 
queue having the same priority factor as the accessed 
element after determining that there is an element in 
the queue having the same data type as the accessed 
element; 

(iv) determining an element in the queue having the 
same data type and priority factor as the accessed 
element after determining that there is an element in 
the queue having the data type of the accessed 
element; 

(v) determining an element in the queue having the 
same data type and lower priority factor than the 
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accessed element after determining that there is no 
element in the queue having the same data type and 
priority factor as the accessed element; and 
modifying the exit point to address the determined ele- 
ment. 

26. The article of manufacture of claim 21, wherein the 
step of providing entry points further comprises providing a 
table including an entry for each first factor and second 
factor pair, wherein there is at least a one-to-one correspon- 
dence between entries in the table and entry points in the 
queue for each first and second factor pair, and wherein the 
step of locating the entry point comprises locating the entry 
in the table corresponding to the first and second factor pair 
and determining the pointer for the located table entry 
addressing the entry point in the queue. 

27. The article of manufacture of claim 26, wherein the 
step of inserting the received element in the queue com- 
prises: 

determining the table entry point for the first and second 
factor pair associated with the received data; 

inserting the received element at the point in the queue 
addressed by the pointer for the determined table entry 
point; and 

modifying the pointer for the determined table entry point 
to address the inserted element. 

28. The article of manufacture of claim 21, wherein the 
elements in the queue comprise pointers to print files that 
have not been transformed into output data streams capable 
of being read by a printer, further comprising the steps of: 

determining whether a transform process is available; 

accessing an element in the queue after determining the 
availability of a transform process; 

processing the element to locate the print file to which the 
element points; 

transmitting the located print file to the available trans- 
form process to transform the print file into an output 
data stream; and 

transmitting the output data stream to a printer for print- 
ing. 

29. The article of manufacture of claim 21, wherein the 
elements in the queue comprise pointers to output data 
streams that are the result of a transform process on a print 
file, further comprising the steps of: 

accessing an element in the queue according to the 
priority indicated by the first and second factors; 

processing the element to locate the output data stream to 
which the element points; 

determining a logical printer having a set of print 
attributes compatible with print attributes of the 
accessed element, wherein the logical printer groups 
physical printers having a common set of print 
attributes; 
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determining whether a physical printer grouped by the 

logical printer is available; and 
transferring the located output data stream to a logical 

printer queue after determining that a physical printer 
5 grouped by the logical printer is available. 

30. The article of manufacture of claim 21, wherein the 
elements in the queue comprise pointers to output data 
streams that are the result of a transform process on a print 

1Q file, wherein the queue is a logical printer queue, and 
wherein a logical printer groups physical printers having a 
common set of print attributes, further comprising the steps 
of: 

determining whether a physical printer grouped by the 
15 logical printer is available; 

accessing an element in the logical printer queue after 

determining the availability of a physical printer; 
processing the element to locate the output data stream to 
2Q which the element points; and 

transferring the output data stream to the physical printer 
for printing. 

31. A memory device including a queue data structure 
queuing elements that is accessible to a processing unit, 

25 wherein the data structure is comprised of: 

elements related to a file associated with a first factor and 
a second factor that indicates a priority of the element, 
wherein the element is a member of a set of elements 

3Q consisting of a pointer to a file, a token reference to a 
file and a file; and 
entry points to the elements, wherein for each first factor 
and second factor pair, an entry point addresses a point 
in the queue associated with the first factor and second 

35 factor, wherein the processing unit locates an entry 
point addressing a point in the queue as associated with 
a first factor and second factor that matches the first 
factor and second factor associated with the received 
element, wherein the processing unit inserts the ■ 

40 received element into the queue at the entry point. 

32. The memory device of claim 31, further comprising an 
exit point that addresses an element in the queue according 
to the priority of the elements in the queue, wherein the 
processing unit processes a request for an element from the 

45 queue; and in response thereto accesses the element 
addressed by the exit point to return to the request, 

33. The memory device of claim 31, wherein the first 
factor comprises a data type and the second factor comprises 
a priority within the data type, and wherein a priority 

50 ordering indicates the priority among the data types. 

***** 
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